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DIOCLES ON BURNING MIRRORS. THE ARABIC TRANSLATION OF THE 
LOST GREEK ORIGINAL. Edited, with English translation 
and commentary by G. J. Toomer. Berlin, Heidelberg, and 
New York (Springer-Verlag). 1976. ix + 249 p. 24 plates. 
Reviewed by J. L. Berggren 
Simon Fraser University, Burnaby, BC V5A 1S6 
This work is the first volume published by Springer-Verlag 
in its new series Sources in the History of Mathematics and 
Physical Sciences. The major part of this book consists of an 
Arabic version, with translation and commentary, of Diocles' 
treatise On Burning Mirrors. Professor Toomer gives both a 
photographic reproduction of what is essentially the unique 
known Arabic manuscript of this work and a printed version, with 
critical apparatus, of the text he has established on the basis 
of the manuscript. On the pages facing the printed Arabic text 
is an English translation. Text and translation have corre- 
sponding passages numbered in the margins, the numbers referring 
to the commentary. It would have been useful if the same 
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numbers had been used in the margins of the photographs of the 
manuscript. (Then the reviewer’s task would have been an easy 
one indeed.) 
In a careful introduction Professor Toomer discusses the 
life and work of Diocles, the early history of the tonics, and 
the influence of this text on later writers. Four appendices 
contain the Greek text, and English translation, of extracts 
made by Eutocius from Diocles’ treatise, proofs of the focal 
property of the parabola from the Bobbio Mathematical Fragment 
and ibn al-Haytham (al-Hazen), an analysis of Diocles’ solution 
of Archimedes’ problem, and a theorem on a surface formed by 
revolution of a parabola. These last two appendices were 
written by Professor 0. Neugebauer. 
At the end of the book is a good bibliography, an index of 
Arabic technical terms, and a general index. The index of 
Arabic technical terms warrants special praise, for only by 
means of such indices will it be possible to compose a much- 
needed tool in Islamic studies: a dictionary of Arabic scienti- 
fic terms. 
To appreciate the contribution of the present work to our 
knowledge of the history of mathematics after the death of 
Archimedes one must read one of the good histories of the 
subject, where Diocles floats around between the death of 
Archimedes and the time of Geminus and his work can be evaluated 
only on the basis of the fragments preserved by Eutocius. Many 
writers thought it possible that the Bobbio Mathematical Frag- 
ment derived from Diocles and they seemed convinced that he 
discussed ellipsoidal mirrors in his treatise. The present 
work, on the other hand, places Diocles firmly in history as a 
contemporary of Apollonius with a “floruit” ca. 190-180 B.C., 
and it makes it clear that the Bobbio Mathematical Fragment is 
not a work of Diocles. Moreover, the treatise On Burning Mirrors 
does not discuss ellipsoidal mirrors. 
One of the most interesting parts of the introduction is 
the discussion of the early history of the tonics. Professor 
Toomer observes that, with the exception of Proposition 8, the 
vocabulary and theory used in the sixteen propositions of the 
book fit the standard modern account of this history. According 
to this history a mathematician writing at the time of Apollonius 
and who cannot be supposed a priori to have read Apollonius’ 
Conies would describe these sections of the cone by the old 
names “section of a right (or acute or obtuse) angled cone,” 
and not by the names “parabola,” “ellipse,” or “hyperbola,” 
which reflect their description by Apollonius in terms of appli- 
cation of areas. And thus, in Propositions 1-5 and 10 only thz 
parabola occurs and it is always referred to as “section of a 
right-angled cone.” However, in Proposition 8 only the hyperbola 
and ellipse occur and their names are rendered by words that 
were standard Arabic translations of the Apollonian terms 
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“hyperbola” and “ellipse .‘I (Propositions 6, 7, 9 and 11-16 do 
not use the tonics.) 
The anomalous vocabulary of Proposition 8 is a puzzle and 
Professor Toomerls solution is to emend the modern account of 
the history of the tonics. He says: 
It is at least conceivable, then, that the 'area 
application' nomenclature for the sections was 
coined before Apollonius, and was one of a number 
of competing systems in use at the time Diocles 
wrote his treatise. In that case it was canonized, 
rather than created, by Apollonius. We might even 
conjecture that only the terms 'hyperbola' and 
'ellipse' were originally coined, and that the less 
obvious 'parabola' was devised by analogy later, 
perhaps by Apollonius himself (it is less obviously 
appropriate because there is an 'application', 
KcipaBoXfi, in all three cases). Though disinclined 
to accept such an ad hoc hypothesis, I consider it 
possible that the 'area application' nomenclature 
for the sections, as well as the procedure it implies, 
long precede Apollonius. The fact that Archimedes 
uses the older nomenclature is no proof that the 
other did not exist in his time: it merely shows 
that it had not yet ousted its predecessor. But 
however one answers the questions raised by the 
new evidence difficulties remain. 
The concluding sentence is quite correct, but perhaps a better 
solution to the difficulties raised by Proposition 8 is to adopt 
the suggestion made by Dr. Sesiano (p. 3) that “what we have is 
three separate short works (on burning mirrors, Archimedes’ 
problem, and doubling the cube) which were combined into one 
during the course of transmission.” The first work would 
comprise Propositions 1-5, the second Propositions 7 and 8, and 
the third Propositions 10-16. (Propositions 6 and 9 are proba- 
bly spurious.) Since Diocles was an “exact contemporary” of 
Apollonius it would be consistent with known facts to suppose 
that the first and third works were composed before Diocles saw 
The Conies and the second work after he saw Apollonius’ book. 
Admittedly a contrary supposition would also be consistent with 
known facts, but this particular supposition gives a reasonable 
explanation of the anomalous vocabulary of Proposition 8 and 
does not require that we contradict Pappus’ account of the 
history of tonics. 
Professor Toomer’s treatment of the text is exemplary. 
There are two Propositions (6 and 9) that he feels are interpo- 
lations but he has not succumbed to the temptation to extract 
a Greek Diocles from the Arabic; rather, he has given the text 
as it stands and has simply recorded his opinions in the notes. 
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He is no doubt correct regarding Proposition 9, for the transla- 
tor himself does not claim it is by Diocles but says, "We want 
to show how to find a line equal to one and a fraction times a 
given line." However, to introduce Proposition 6 he says, "Then 
after that Diocles proves that equal quantities situated on a 
straight line are subtended by unequal (angles) . . . . We must 
prove that." In view of this plain statement that Diocles proved 
this proposition, its incongruity is not sufficient reason to 
suggest, as Professor Toomer does, that it is an interpolation 
in the Arabic transmission. It was in the Greek text the Arabic 
translator had in front of him (which is why he wrote "Diocles 
proves") and was therefore an interpolation in the Greek, and 
not the Arabic, tradition. 
The transcription and translation of a difficult text is 
very well done. I have checked only a relatively small number 
of passages but in these there was little reason to take excep- 
tion to the renderings given. One passage, however, that could 
be translated differently, with perhaps some improvement in the 
sense, is No. 36 which refers to "lamps" that produce fire in 
temples. Professor Toomer notes that, "If our text is to make 
sense it must refer to a reflecting surface." The word trans- 
lated as "lamps" is "mis;bblh," but, as ibn al-Manziir's lexicon 
&is&~ al-car& remarks,'thi$ has another meaning,*namely "large 
bowls." This would seem to be a good word to describe the 
appearance of parabolic burning mirrors and perhaps it is the 
proper translation here. Another minor point is the statement 
on p. 165 that the words "al-mutawaziyya al-'ad&i" mean liter- 
ally "having equal sides." Rather, they mean "having parallel 
sides." This is certainly just a slip of the translator's pen, 
for he immediately says that it means "parallelogram," which it 
does. 
The commentary is ably done and sheds much light on several 
difficult points, Only in one place does Professor Toomer seem 
to have slipped. On pp. 58-60 Diocles remarks that if the 
segment BX is divided at H so that (413) BH2 = BX2 , then 
BH > 6aHX. The derivation offered by ProfessorJoomer is a 
complicated one that uses an approximation to43 and still leaves 
much unexplained. I suggest the following simple argument: 
(4/3)*BH2 = BX2 = (BH + HX) 2 = BH2 + 2BH.HX + HX2, so (1/3).BH2 = 
2BH*HX + HX2 and thus (1/3)*BH2 > 2BHsHX. Hence (1/3)*BH > 2HX 
and BH > 6HX. 
With the publication of this book, the historian of Greek 
mathematics now has a major work from its most creative period. 
The historian of Islamic mathematics has a careful edition of a 
text that may well have influenced ibn al-Haytham and possibly 
others. The general historian of mathematics will find much to 
enjoy, both in Professor Toomer's notes and in Diocles' mathema- 
tics * What more could we want--unless it be another book by 
Professor Toomer? 
